Acute hemorrhage has been demonstrated to stimulate aldosterone output in dog and man (1-3). Because of the relatively greater increment in aldosterone than in glucocorticoid secretion or excretion, a specific aldosterone-stimulating effect has been postulated. All of these studies, however, were performed in subjects with intact pituitaries. In view of the accumulating evidence (4-8) of the role of ACTH in regulating secretion of aldosterone, especially in the acute experiment, the role of the pituitary in the increment in aldosterone secretion following hemorrhage remains uncertain. The present experiments were designed to compare the effect of acute hemorrhage on aldosterone secretion in normal and in hypophysectomized dogs.
Acute hemorrhage has been demonstrated to stimulate aldosterone output in dog and man (1) (2) (3) . Because of the relatively greater increment in aldosterone than in glucocorticoid secretion or excretion, a specific aldosterone-stimulating effect has been postulated. All of these studies, however, were performed in subjects with intact pituitaries. In view of the accumulating evidence (4) (5) (6) (7) (8) of the role of ACTH in regulating secretion of aldosterone, especially in the acute experiment, the role of the pituitary in the increment in aldosterone secretion following hemorrhage remains uncertain. The present experiments were designed to compare the effect of acute hemorrhage on aldosterone secretion in normal and in hypophysectomized dogs.
METHODS
Fifteen male mongrel dogs (9.5 to 15 kg) were studied. The normal group of 5 dogs had the right lumboadrenal vein cannulated by the technique of Hume and Nelson (9) on the day prior to the experiment. At the start of the experiment each dog was anesthetized with Nembutal and the right femoral vein and artery were cannulated, the latter for continuous blood pressure recording, using a Grass model 5 polygraph and a Statham strain gage. Ten-to 15-ml samples of adrenal vein blood were collected. Each sample was immediately replaced by dog bank blood to avoid the effects of intermittent small hemorrhages. After two to three control samples, collected at 20 to 30 minute intervals, 15 ml of blood per kg body weight was withdrawn from the femoral artery within 6 minutes. Collection of the first post-hemorrhage sample of adrenal vein blood was begun 10 minutes after the start of hemorrhage. An additional one or two samples were collected at 20-to 30-* This work has been supported by Grants C-3998 and A-3818 from the United States Public Health Service and a grant-in-aid from The Commonwealth Fund. This report was presented at the meeting of the Federated American Societies for Experimental Biology, Chicago, April, 1960. minute intervals. The shed blood was then transfused over 6 minutes and two to three post-transfusion samples were collected at intervals similar to those of the posthemorrhage period. Following this last sample, 1 IU of ACTH (Upjohn) was administered through the femoral vein and collection of adrenal vein blood was begun 10 minutes later.
Ten dogs were hypophysectomized by the transbuccal route (10) , and the right adrenal vein was cannulated on the experimental day. One hour after hypophysectomy, collection of adrenal vein samples was begun. The protocol thereafter was similar to that of the normal dogs. Blood samples were centrifuged immediately after collection, and the plasma was separated and frozen for subsequent analysis. Aldosterone and corticosterone were measured by the isotope derivative technique of Kliman and Peterson (11) , and 17-dihydroxycorticoids by the Silber-Porter method (12) . Secretion rates were calculated from the concentrations and the plasma flow per minute. Completeness of hypophysectomy was checked by gross examination of the hypothalamus and sella turcica.
RESULTS
Normal dogs. In Table I Table II are shown the experimental data from the hypophysectomized dogs. Gross inspection of the hypothalamus and sella turcica revealed no evidence of pituitary tissue. Serial sections for histological examination were not routinely made. However, the low levels of glucocorticoid secretion are compatible with complete hypophysectomy. Acute hemorrhage caused a prompt rise of aldosterone secretion which was evident in the first posthemorrhage period, in nine of ten hypophysectomized dogs. In six of the ten dogs, the rise was sustained throughout the post-hemorrhage period. Transfusion of the shed blood resulted in a decrement in aldosterone in three of these six, although 1 I The quantity of aldosterone actually measured was very low in these specimens. (2) noted an increment in the urinary excretion of aldosterone in normal humans following acute hemorrhage without any appreciable change in 17-hydroxycorticoid excretion. This increment lasted 1 to 2 days and could not be prevented by expansion of intravascular volume with the administration of 25 per cent albumin immediately after the hemorrhage. Bartter, Biglieri, Pronove and Delea (3) have also demonstrated that phlebotomy in sodium-depleted humans resulted in an increment in aldosterone excretion that was not prevented by administration of a volume of isotonic saline equivalent to the saline removed by phlebotomy. Spontaneous hemodilution and reinfusion of red blood cells did result in a decrement in aldosterone output. From their studies in the dog, Gann, Mills and Bartter (13) have concluded that the increment following hemorrhage is dependent upon an intact nerve to the thyrocarotid arterial junction and that the decrease in carotid arterial pressure specifically stimulates the release of aldosterone, presumably through release of a humoral factor. However, glucocorticoid secretion was never measured. Whether the nerve influences glucocorticoid secretion has not been determined. Experiments by Walker, Shoemaker, Kaalstad and Moore (14) have shown that acute hemorrhage may stimulate 17-hydroxycorticoid secretion.
The present study indicates that two mechanisms play a role in the increment in adrenocortical secretions following hemorrhage. The pituitary via ACTH release stimulates both glucocorticoid and aldosterone secretion. The marked increment in 17-hydroxycorticoid and corticosterone secretion.following hemorrhage in the three normal dogs with low control secretory levels indicates an ACTH effect. Moreover, the demonstration that exogenous ACTH stimulated both glucocorticoid and aldosterone secretion in the normal and hypophysectomized dogs, and the greater increment in aldosterone secretion in the normal dogs following hemorrhage, are evidence that endogenous ACTH also can stimulate aldosterone output. The increment in glucocorticoid secretion following hemorrhage and the decrement following transfusion in normal dogs suggest that the release of ACTH is responsive to changes in intravascular volume, possibly mediated through the baroreceptor nerves.
A mechanism independent of the pituitary must also be involved, since aldosterone secretion rises following hemorrhage in the hypophysectomized dogs. A great deal of evidence indicates that this mechanism is humoral (15) (16) (17) (18) . The response within 15 minutes suggests that some component of intravascular volume, pressure or flow is the stimulus. The present experiments do not distinguish between a direct effect on the adrenal or stimulation by a humoral factor from a remote site. The studies of Farrell (15) indicate that such a site is in the head. However, Davis, Carpenter, Ayers and Bahn (19) , who also found a rise in aldosterone secretion following hemorrhage in hypophysectomized dogs, present the rise in aldosterone secretion following hemorrhage in decapitated dogs as evidence for a more caudal origin of the proposed hormone.
The studies with ACTH in the normal dogs point out the hazards of comparing the relative change in glucocorticoid secretion with the relative change in aldosterone secretion, as an index of either ACTH or a specific aldosterone-stimulating factor. The metabolic state of the adrenal gland may alter the pattern of response to ACTH. Davis and colleagues (8) reported that infusion of ACTH into hypophysectomized, sodium-depleted dogs stimulated mainly aldosterone secretion. From the present study, it appears that in the acute experiment when glucocorticoids are being maximally produced, addition of ACTH stimulates mainly aldosterone secretion, as if it were a specific aldosterone-stimulating hormone. In Figure 2 is illustrated a possible explanation of this effect. Koritz and Peron (20) (23) . However, whether this holds true to the same extent for the acutely hypophysectomized dog has not been clearly determined. Perhaps the failure to maintain the increased secretory level in the four hypophysectomized dogs is due to the absence of ACTH, although Farrell and associates (1) also noted that the secretory levels decreased despite continued blood loss in normal dogs. The present experiments, however, indicate that acute hemorrhage can stimulate the secretion of aldosterone independently of ACTH.
SUMMARY
The effect of an acute hemorrhage upon adrenocortical secretions has been studied in the normal and in the acutely hypophysectomized dog. Hemorrhage stimulated adrenocortical secretions by two mechanisms. In the normal dog, acute hemorrhage caused release of ACTH which stimulated both glucocorticoid and aldosterone secretion. However, if glucocorticoid secretion was maximal, only aldosterone secretion was stimulated, even by exogenous ACTH. Experiments in the hypophysectomized dog demonstrated that a mechanism independent of the pituitary stimulated primarily aldosterone secretion.
